Intervention and Outcome Measures

Results
Study Limitations
Bach-y-Rita (2004) The objective was to review work on sensory substitution.
Level not indicated; many studies were summarized.
Use of tactile vision substitution systems on motor performance of participants without sight.
Vibrotactile substitution to provide meaningful information regarding postural control. Exploration between somatosensory input and environmental exploration. Tactile input, once the coding of it is understood, was successfully used by people without sight to enable them to engage in activities such as perceiving a ball rolling toward them; reaching for a drink; and playing rock, paper, scissors. Postural stability could be produced with the use of a head accelerometer and vibrotactile input coding on the tongue. Study demonstrated that active exploration is required for tactile discrimination of texture and spatial temporal touch.
Sensory substitution paradigms are very lab oriented and generally not practical for clinical use. Level II 3 groups: deaf signers (n 5 11); typical control participants (n 5 11), ages 18-27; comparison group (n 5 8) adults with hearing age 22-42, born to deaf parents (hearing signers). All were right handed.
Intervention 7 scans, each 4 min 16 s during which displays viewed had 12 alternating blocks of static dots and motion flow fields.
Participants were asked to fixate on central point. In luminance conditions, participants monitored either static or moving blocks for increased luminance.
In velocity condition, participants monitored motion blocks for abrupt changes in velocity. Outcome Measures fMRI: regions of interest identified on the basis of anatomical and functional criteria; visual areas 1, 2, and 3a; visual area 5, motion-sensitive region, posterior parietal cortex, and frontal eye fields.
Behavioral performance: Participants were asked how many blocks contained ³3 changes in luminosity or velocity.
There were no robust behavioral differences, but there was a trend for deaf signers to better detect peripheral changes and for hearing people to better detect central changes. fMRI:
MT-MST recruited more strongly in hearing people when the task required monitoring motion and when attention was directed centrally.
Greater recruitment of MT-MST in the left hemisphere in deaf and hearing signers but in right hemisphere in hearing control participants; thus, early signing modifies motion processing into a robust lefthemisphere advantage.
Early deafness, not signing, leads to heightened sensitivity in posterior parietal cortex, a major center of selective attention. Deaf signers also showed greater recruitment of posterior superior temporal sulcus area, an area associated with processing of biological motion and socially relevant body signals. Findings may point to enhanced Lab conditions may limit generalizability. This study will not generalize to other disruptions of sensory processing. ability to localize sound, suggesting they make better use of spectral information in the sound localization process.
Authors suggested that plasticity underlies the supranormal performance of participant with blindness.
Small sample size and a post priori group assignment limit generalizability. The link to neuroplasticity is assumed, but there was no measure of this.
Gómez-Pinilla, Ying, Roy, Molteni, & Edgerton (2002) The objective was to examine the possibility that exercise induces an integrated response of brain-derived neurotrophic factor and its receptor that may result in synaptic modification or adaptation.
Level II Nonrandom assignment to voluntary exercise or sedentary groups Exposed to 3 or 7 days running
Rat model
Outcome Measures
Total and mRNA for brain-derived neurotrophic factor and its receptor, protein in soleus muscle and lumbar cord Voluntary exercise increased expression of molecules associated with brain-derived neurotrophic factor action on synaptic function and neurite growth in lumbar cord and soleus muscle. Paralysis (botox) resulted in reduced brainderived neurotrophic factor in cord and muscle, although there was some mediation of this effect in the cord by exercise.
Animal study limits generalizability. Small sample sizes with lack of control group, lab setting, and use of typical adults limit generalizability.
vision and touch during many texture-based tasks.
80% accuracy range. n 5 10. Participants not naïve to experimental protocol as they were for Experiments 1 and 2.
correct choice on first stimulus for 20 trials and second for 20 trials (n 5 10).
Experiment 2: Same overall design, but 1 stimulus was presented unimodally and the other was presented bimodally (touch paired with visiontouch; vision paired with visiontouch) (n 5 15).
Correct/incorrect identification Effects of repetition were observed at multiple stages and did not correlate, suggesting that motor learning occurs in stages. For example, there appears to be a consolidation period in promoting repetition-induced plasticity (this means that the brain has distinct stages of neural processing during motor learning; 1 stage is consolidation that has a specific neural correlate).
There was a change in activity (temporal decoupling) between visual and motor processing with practice, suggesting a decreased dependence on visual information as movement automation progresses.
It is suggested that changes in the extent of lateral inhibition mediated by g-amino butyric acid underlie plasticity in motor areas and may be the physiological correlate of the pattern observed here.
The sample size was small and a 1-group design. Participants were all young, so findings cannot be generalized to other age groups.
(Continued)
The American Journal of Occupational Therapy
Supplemental Spatial discrimination: Grating orientation task featured 8 domes with gratings cut in the surface rubbed on finger tip, randomly orienting grooves to parallel or orthogonal to axis of finger tip. Outcome was discrimination threshold based on width of bars and grooves. Temporal discrimination: Vibrotactile stimuli were played via speakers attached to the computer and applied to the finger tip. Participants were given 500 ms. Two-alternative forcedchoice paradigms were used to determine whether the frequency of test stimulus was higher or lower than reference stimulus.
After passive co-activation, the grating orientation task discrimination was improved. Improvement was strongly correlated with reorganization in contralateral SI. Reorganization also seen in SII, but not linked to improved grating orientation task. Findings suggest that SI has a predominant role in processing and discrimination. Temporal discrimination did not improve; in some participants, it worsened. Findings may be linked to the drive of the brain to create the most behaviorally useful representation of sensation, which in this case may have been spatial. Alternatively, increased spatial responsiveness may have been accompanied by prolonged duration of response, thus impairing temporal discrimination.
The study lacked a control group, although each subject had a control finger. Lab setting limits generalizability. Level II Single groups in 2 separate studies were both compared with nontreated rats (n 5 10).
Kempermann
All animals received electrical stimulation of the nucleus basalis. Studies delivered e-stim randomly every 8-40 s, 400-5003/day, for 10-20 days.
Intervention
Outcome Measures
Multiple-unit or single-unit extracellular recordings from right auditory cortex (ipsilateral to site of stimulation)
Previous studies demonstrated pairing basal forebrain (nucleus basalis) stimulation with shortduration, pure-tone sounds mediated experience-induced changes in auditory cortical responses. This study adds to an understanding of auditory cortex plasticity. The auditory cortex regions responsive to sounds were larger, magnitude of response was greater, and number of neurons responding selectively was greater with paired stimulation. These findings were identified in mature rats, indicating continued plasticity even in the mature brain.
Animal study limits generalizability. Response of "typical" nervous system and application to systems after damage or disease may be limited. Lab setting may further limit generalizability. Exposure to specific complex acoustic stimulus in the early postnatal critical period resulted in large-scale remodeling of the A1 neuronal response selectivity. The tonotopic organization of A1 was changed so that responses to specific sound stimuli were elaborated and wakened to the representations of others. An unresponsive zone emerged between the cortical zones of representation of the hypothetically competitive low-and high-tone stimulus sequences. Neurons responded more reliably to the elements of these complex input sequences when they were delivered in the order that was applied in the exposure protocol. Changes endured into adulthood without significant change (even though sound stimuli were terminated at end of critical period).
Moses
Animal study limits generalizability.
The study was not randomized.
Pantev et al.
(2003) The objective was to examine the effects of music-induced cortical plasticity, specifically
(1) effects of short-term laboratory training involving learning to perceive virtual instead of spectral pitch, (2) cross-modal plasticity when lips of trumpet players are stimulated at the same time as a trumpet tone, and (3) automatic encoding and discrimination of pitch contours and internal info are specifically enhanced in musicians compared with nonmusicians.
Level III 1 or 2 groups; nonrandomized: Group 1: 10 nonmusicians Group 2: 10 musicians (trumpeters), 3 women and 7 men age 26 (± 2.9), and 9 nonmusicians (3 women and 6 men age 25 ± 3.9). .012) and significantly larger on the left (p 5 .037). Cross-modal musical training leads to remarkable modifications in cross-modal processing because of the behaviorally relevant somatosensory and auditory modalities and the increased use of these modalities during training. In general, the magnetic MMN field was significantly larger in musicians than in nonmusicians (ANOVA p < .01) for both contour and interval conditions. Performance of musicians was better than that of nonmusicians. Findings support the hypothesis that musical experience leads to specific changes in the neural mechanisms for processing abstract melodic information and that long-term musical training enhances the processing of pitch between notes of melody.
Sample size was small. control participants showed no activation of visual cortex. Control participants showed a significant deactivation of the visual cortex during orientation task, before and after training, possibly suggesting increased activity in somatosensory cortex to perform a tactile-based orientation task.
Small sample size and lack of randomization limit the study. 
PET scan
Activation in visual association areas during both the target search task and the depth perception task were found. The findings suggest that some brain areas of the visual cortex are relatively multimodal and may be recruited for depth perception by means of senses other than vision.
The study supports brain plasticity in response to sensory based training.
No control group and no long-term testing limit generalizability. 
Outcome Measures
Brain weight and chemical analysis of brain tissue, specifically AChE, a by-product of esterase activity on AChE injected with methylphenidate (this action facilitated movement and play during EC in both dark and light). Social condition (being in the EC with other rats) showed a moderate change, but the addition of methylphenidate showed a more dramatic change presumably because the rats were more active. Methylphenidate only did not produce an effect. All 5 groups showed a significant difference from control group on AChE:
ChE ratio (a sensitive measure of effects that cancels out variable of brain weight).
Rosenzweig et al. (1969)
The objective was to study the exact nature and extent of the differences in rat cortical structure and function when animals were exposed to enriched experiences and impoverished experiences. Lack of randomization is a concern. The authors did not test beyond 3 mo posttraining; there is no way to know whether the findings persist long term. in the primary sensory cortex, depending on the task demand. Differences were seen between the digits, and future studies will be needed to examine other digits. Authors also suggested that this "short-term" neuroplasticity indicates that somatopic representations can be altered dynamically and in a taskspecific manner.
Earlier reported findings of other investigators were not supported, and the current study did not explain these differences. Subject pool was small and not well described. Data suggest that regulation of neuronal growth is through "use" related to the environment in which the animal is reared.
Schapiro
West & Greenough 
Bruininks-Oseretsky Test of Motor
Proficiency score changed from 1 to 5. Pediatric Motor Activity Log showed increased amount of use and quality of movement. Fugl-Meyer assessment score improved from 39 to 52, showing enhanced active movement control, reflect activity, and coordination in the upper extremity. fMRI showed a change in activation pattern such that preintervention activation involved bilateral primary motor and sensory cortices, sensorimotor cortex, and ipsilateral supplemental motor areas with no activation of the premotor cortex. Postintervention showed loss of aberrant activation and primary activation of the sensorimotor cortex and contralateral primary sensory and motor cortices.
Single-subject design; use of isolated items from standardized assessment tools without substantiation of their ability to stand alone and intensity of intervention precludes its reimbursement potential. However, study suggests that using actual body movement and virtual reality feedback for knowledge of results (visual and proprioceptive feedback) in a manner that was perceived as playful and game like (controlled sensory environment) can result in a combination of functional changes and neuroplastic changes in critical cortical regions.
Zhang, Bao, & Merzenich (2001) The objective was to examine structural and functional development of auditory cortex as modified by early environmental and learning experiences.
Level II Experimental and control conditions
Adult rats and rat pups were used to map primary auditory cortex.
Intervention
Experience exposure for pups and dams involved placement in soundshielded and calibrated chamber for 10-16 hr/day, postnatal days 9-28 and exposure to a 25-ms monotone at 60-70 dB, at 6 pulses/s, with 1-s intervals. Tone frequency included 4 kHz and 19 kHz. Outcome Measure Auditory mapping in adults and immature rats In adults, monotone presentation did not induce organizational changes. Changes in the organization of rat pup cortex appeared as both tone frequencydependent effects (which argues for the important role of sound environment in early development) and tone frequencyindependent effects (general degradation of tonotopic organization and response selectivity suggests that tonotopic development requires temporally patterned input). Differences exist between these findings and those in other sensory systems.
Investigators concluded "acoustic environments are very important and potentially crucial in instructively defining the basic functional organization and processing capabilities of the auditory cortex" (p. 1128).
Laboratory situations and animal study limit generalizability.
Note. AChE 5 acetylcholinesterase; ANOVA 5 analysis of variance; BOLD fMRI 5 blood-oxygen-level-dependent functional magnetic resonance imaging; ChE (2010) . Examining the neuroscience evidence for sensory-driven neuroplasticity: Implications for sensory-based occupational therapy for children and adolescents (Suppl. 
